In transcriptomics, the study of the total set of RNAs transcribed by the cell, RNA sequencing 2 (RNA-seq) has become the standard tool for analysing gene expression. The primary goal is 3 the detection of genes whose expression changes significantly between two or more conditions, 4 either for a single species or for two or more interacting species at the same time (dual RNA-seq, 5 triple RNA-seq and so forth). The analysis of RNA-seq can be simplified as many steps of the 6 data pre-processing can be standardised in a pipeline. 7 In this publication we present the "GEO2RNAseq" pipeline for complete, quick and concurrent 8 pre-processing of single, dual, and triple RNA-seq data. It covers all pre-processing steps 9 starting from raw sequencing data to the analysis of differentially expressed genes, including 10 various tables and figures to report intermediate and final results. Raw data may be provided 11 in FASTQ format or can be downloaded automatically from the Gene Expression Omnibus 12 repository. GEO2RNAseq strongly incorporates experimental as well as computational metadata. 13 GEO2RNAseq is implemented in R, lightweight, easy to install via Conda and easy to use, but still 14 very flexible through using modular programming and offering many extensions and alternative 15 workflows. 16 GEO2RNAseq is publicly available at https://anaconda.org/xentrics/r-geo2rnaseq 17 and https://bitbucket.org/thomas_wolf/geo2rnaseq/overview, including source 18 code, installation instruction, and comprehensive package documentation. 19 1 Seelbinder et al.
INTRODUCTION
Organisms constantly change the expression of their genes to adapt to changes in the environment. With the help of transcriptomics scientists are able to study the gene expression of a given organism allowing 23 to get insights in the interplay of genes dependent on environmental alterations. The primary goal is stabilisation transformation (VST). Figure 1 . GEO2RNAseq workflow overview. The pipeline can download raw sequencing and metadata from the Gene Expression Omnibus (GEO) repository with a given GSE accession number. It automatically parses metadata according to the MINSEQE standard. It pre-processes raw sequencing data using many different tools. Some steps are optional, others offer alternative tools to apply. Differentially expressed genes are identified using up to eight different tools. By default, intermediate and final results are reported using tables in CSV and Excel format, various quality plots, hierarchical clustering and PCA, Venn diagrams, intersection bar plots, and volcano plots; more are available. Please note that this figure illustrates the logical order of processing steps as suggested by the authors. The arrows connecting each tool do not necessarily represent direct input/output interactions. (Robinson et al., 2010) , and limma (McCarthy and Smyth, 2009) , which are used by default in GEO2RNAseq. Up to eight different DEG tools are supported. More than four are visualised using intersection bar plots (see Figure 6 ). When multiple DEG analysis tools are used, the maximum ("worst") p-value per gene over these tools is used. Therefore, precision for DEGs is maximised and sensitivity minimised in the volcano plot. Genes with an adjusted p-value worse than the p-value cut-off (insignificant) are coloured black. If a fold-change filter was used during DEG analysis, vertical lines are added to indicate this threshold. Genes not achieving the fold-change threshold are coloured red. Insignificant genes achieving the fold-change cut-off are coloured orange. Blue coloured genes did not satisfy the adjusted p-value cut-off for all used tools, but may satisfy it for a subset of tools. Finally, genes satisfying both cut-offs for all tools are coloured green. This plot helps to quickly identify the subset of comparisons with a stronger treatment reaction according to the number of DEGs. It also shows weather a treatment induces more up-or downregulation. For the chosen comparisons, we see that a treatment with siamycin has a much weaker effect with respect to the number of DEGs when compared to caspofungin treatment. In addition, we see that the combination of caspofungin and siamycin treatment does not lead to substantially more DEGs. All treatments seem to induce an overall downregulation. 
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